The recent introduction of multidetector computed tomography scanners has significantly improved computed tomography angiographic (CTA) applications, especially for the evaluation of medium-and small-arterial structures. CTA of the superior mesenteric artery has been reported previously. However, there have been few systematic and detailed reviews of the superior mesenteric artery pathologies that use CTA. The purpose of this pictorial essay is mainly to review the various superior mesenteric artery pathologies at CTA with our own experiences.
The recent introduction of multidetector computed tomography (MDCT) scanners has significantly improved computed tomography angiographic (CTA) applications, especially for the evaluation of medium-and small-arterial structures, for example, the superior mesenteric artery (SMA). Thin collimation protocols with rapid intravenous administration of contrast material, and powerful postprocessing tools enable the display of the SMA with excellent details. CTA of the SMA have been reported previously [1] . However, there have been few systematic and detailed reviews of the SMA pathologies that used CTA. The purpose of this essay is to review the anatomy and pathologies of the SMA at CTA.
Technique
The optimal display of the SMA requires careful attention to several technical parameters at CTA. Optimized contrast material administration protocols are essential, including optimized timing, amount, and injection rate of the contrast material [1] . Thin collimation is essential to maintain high-resolution images [2] . We used a dual-source computed tomography (CT) scanner (Somatom Definition, Siemens Medical Solutions, Forchheim, Germany) and a 64 Â 0.6-mm collimator setting for CTA and a bolus-tracking technique with the region of interest in the proximal segment of the abdominal aorta to determine the optimal delay time for the SMA. Technique should include slice-thickness reconstruction, pitch, and volume of contrast bolus for image acquisition (Table 1) .
Because the branches of SMA are very small (2-3 mm in diameter) and run an oblique course, 3-dimensional rendering algorithm is more helpful for demonstrating all of the branches and for optimal visualization of vascular abnormalities than the axial image [1] . Because rendering algorithms have different advantages and limitations for displaying the SMA, they should be used comprehensively. Although reformatted images add valuable information, the axial source images remain the primary image sets for the interpretation of many mesenteric CTA studies, especially in the acute setting and for the assessment of nonvascular pathologies.
Normal Anatomy and Variants
The SMA is the second major branch of the abdominal aorta, with its ostium commonly located at the level of the first lumbar vertebral body. The branches of the SMA include mainly jejunal arteries, ileocolic arteries, middle colic arteries, and colic artery. Aberrant branches from the SMA are relatively common and the include the celiacomesenteric trunk, replaced right hepatic artery (Figure 1 ), middle suprarenal artery, and so on [3, 4] .
Pathologies

SMA Stenosis
Atherosclerosis
Atherosclerosis of the mesenteric arteries is a common cause for chronic mesenteric ischemia (95%) and abdominal pain in elderly patients [5] , which most affects the ostial portions with plaque ( Figure 2 ) and is often combined with diffuse aortic atherosclerosis [6] . The calcified plaque can be seen on nonenhanced CT image. On CTA image, the vessel wall is thickened or there are filling defects in the lumen caused by noncalcified plaques. In case of stenosis or occlusion of the SMA, collateral arterial anastomoses may be present to compensate for the reduced SMA flow. CTA is valuable in detecting and quantifying the degree of stenosis and in displaying the collaterals (Figure 3 ). This technique is able to provide a road map for the surgeons or interventional radiologists in planning revascularization. Because of beamhardening and streak artifacts, it is difficult to determine the degree of stenosis caused by heavily calcified plaques at CTA. Dual-energy CT with application of hard plaque removal is a promising tool for the evaluation of densely calcified stenosis [7] .
Acute embolism and thrombosis of the SMA
Acute SMA embolism accounts for approximately 40%-50% of all episodes of acute mesenteric ischemia. The most frequent source of emboli to the SMA is the heart [8] . Most emboli lodge in the distal segment of the SMA, past the origin of the middle colic artery [1] . SMA emboli are visible as low-density filling defects on CTA images. The angiographic hallmark of an embolic occlusion is the abrupt cessation of contrast material flow within vessel lumen (cutoff sign). Nonocclusive emboli are usually visualized as filling defects in the SMA (Figures 4 and 5 ). Typically, no collateral vessels are present unless in patients with chronic occlusive embolism. CTA can not only detect the presence of embolism or thrombosis, but also assess the treatment effect ( Figure 6 ).
Takayasu Arteritis
SMA involvement of Takayasu arteritis (TA) is not uncommon, with an incidence estimated to be 18%-40% in American and Italian patients with TA [9] . Vessel wall Table 1 The technique for image acquisition 
SMA Compression Syndrome
The normal distance between the aorta and the SMA (aortomesenteric distance) ranges from 10-34 mm, accompanied by a 28 -65 angle (aortomesenteric angle) [10] . When the aortomesenteric distance or angle is too small, the SMA will compress the left renal vein, which results in the nutcracker syndrome, or the third portion of the duodenum, which results in the SMA syndrome. The sagittal CTA images with maximum intensity projection or volume rendering reformations are usually performed to directly visualize the arterial anatomy and to measure the aortomesenteric angle and the aortomesenteric distance, whereas the axial image is helpful to show the precise compression point of the left renal vein or the duodenum (Figures 8 and 9 ). CTA also may depict the dilated gonadal, periureteral, and perirenal veins as well as pelvic venous collaterals. CTA also can demonstrate duodenal obstruction and show the complications that may require immediate surgery, including pneumatosis and portal venous gas.
Aneurysm of the SMA
The SMA aneurysm is the third most common of the splanchnic artery aneurysms and accounts for approximately 5.5% of these aneurysms. Most SMA aneurysms occur within the proximal segment, usually within the proximal 5 cm of the SMA, but sometime they can occur within the distal segment. The aneurysms can be either fusiform or saccular ( Figure 10 ). CTA cannot only detect the presence of the aneurysm but also provide important information on location, type, and size of the aneurysm and associated complications before surgical or percutaneous treatment is attempted.
SMA Dissection
Aortic dissection frequently extends into the SMA. However, spontaneous isolated SMA dissection is increasingly detected with the wide availability of MDCT. Most intimal tears are located 1.5-3 cm from the orifice of the SMA. CTA is useful for initial diagnosis and follow-up of Figure 11 ) [11] . Type I, patent false lumen with both entry and reentry; type II, ''cul-desac'' shaped false lumen without reentry ( Figure 12) ; type III, thrombosed false lumen with ulcer, which is defined as a localized blood-filled pouch protruding from the true lumen into the thrombosed false lumen ( Figure 13) ; and type IV, completely thrombosed false lumen without ulcer. The clinical treatment is different, depending on the type. CTA is also helpful with postoperative evaluation (Figure 14 ) [11] .
Other Pathologies of the SMA CTA also can demonstrate the relationship of intraabdominal neoplasms with neighbouring organs and the SMA [12] , which may provide important information in surgical planning or biopsy. The involvement or encasement of the SMA usually makes a tumour unresectable. Assessment of arterial involvement by tumour is made by using a combination of the axial source images and postprocessed rendered images. On the axial images, a periarterial cuff of soft tissue can be directly visualized. Maximum intensity projection and volume rendering images cannot depict perivascular soft tissue; hence, the diagnosis is based on changes in calibre, such as stenosis and occlusion ( Figure 15 ). CTA also can demonstrate the vessels that feed the tumour, which is helpful in analysing the origin of the tumour. When a tumour is supplied by the SMA, the tumour likely originates from the bowel or mesentery (Figure 16 ).
Conclusions
MDCT is rapid, high-resolution, and comprehensive, which allows visualization of vessels and abdominal organs simultaneously. MDCT is the first-line imaging modality in patients with a wide array of suspected pathologies of the SMA. 
